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CCTAAbstract Background: Patients who present to the emergency department (ED) complaining of
acute chest pain are of clinical concern because a small percentage will have acute coronary syndrome
(ACS). The American College of Cardiology (ACC) and the AmericanHeart Association (AHA) rec-
ommend hospitalization for patients with a low-to-intermediate risk of ACSwho have initial negative
ECG and enzyme test results. A negative coronary CT angiography (CCTA) during the triage has a
very high negative predictive value for ruling out ACS decreasing the length of hospital stay. Recent
techniques e.g. ASiR in CCTA should be used to decrease the radiation dose as low as possible.
Objective: The aim of this study is to evaluate the role of low radiation dose CCTA with ASiR in
triage of low-risk patients with acute chest pain in emergency department. A negative CCTA early
in the workup may enable a shorter length of stay.
Subjects andmethods: We studied 54 selected patients (55.6%men;mean age 48 ± 6 years) with chest
pain who were awaiting hospital admission to rule out ACS despite the absence of diagnostic ECG
changes and normal cardiac enzymes on ED presentation. Patients underwent CCTA before hospital
admission. Afterward, patients received standard clinical care (SCC). ER physicians involved in the
756 T.A. Hassan, M. Abdalaalpatient’s carewere blinded to the results ofCCTA.An expert panel established the presence or absence
of ACS based on AHA guidelines. The CCTA images were evaluated for the presence of signiﬁcant
coronary artery stenosis (diameter reduction >50%) and were used to make a triage decision.
Results: Four patients (7.4%) with chest pain had at least one signiﬁcant coronary stenosis on
CCTA (sensitivity 100%, speciﬁcity 96%, accuracy 96.3%, positive predictive value (PPV) 66.7%
and negative predictive value (NPV) 100%). Signiﬁcant coronary stenosis was excluded in 48 of
the 54 patients by CCTA (88.9%), potentially saving about 71.6% of unnecessary hospital admission
hours.
Conclusion: CCTA based detection of signiﬁcant coronary stenosis has potential role to decrease the
length of hospital stay , without reducing appropriate patient care, in low risk patients with acute
chest pain. CCTA should be done with lowest radiation possible using recent techniques.
 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.Contents
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Treatment of patients with acute chest pain presented with
inconclusive initial evaluation with the use of biomarkers and
electrocardiographic (ECG) testing is often diagnostically chal-
lenging and inefﬁcient. The majority of patients with ACS have
underlying coronary artery disease. Contrast-enhanced coro-
nary computed tomographic angiography (CCTA)has high sen-
sitivity and speciﬁcity for the detection of clinically signiﬁcant
coronary artery disease, as compared with invasive coronary
angiography, in patients in stable condition with suspected or
known coronary artery disease (1). Patients who present to the
ED complaining of acute chest pain are of clinical concern be-
cause a small percentage will have ACS. Symptoms are often
atypical and clinical conditions overlap, making it difﬁcult to
establish the correct diagnosis quickly. The ACC and the
AHA recommend hospitalization for patients with a low-to-
intermediate risk of ACSwho have initial negative ECG and en-
zyme test results (2). Unfortunately, triage decisions guided by
an estimate of patient risk forACSusing a variety of clinical pre-
dictors are often ineffective, especially in patients with convinc-
ing clinical presentation but normal initial cardiac enzymes and
normal or nondiagnostic ECG. The predictive value of single
variables such as patient age, sex, presence of risk factors, and
biochemicalmarkers for adverse outcomes is limited.Moreover,
the rate of missed ACS remains unacceptably high (2%) and is
associated with a twofold increased risk of mortality, contribut-
ing to the low threshold of ED physicians to admit patients with
chest pain. Because of the limited ability to correctly risk stratify
patientswith acute chest pain, the potentially fatal consequencesof missed ACS, and the resulting liability issues, more than
2 million patients with acute chest pain are admitted to the hos-
pital without developing anACS (3). There remain highmorbid-
ity andmortality rates ofmissedACS, highlighting theneed for a
safer and more efﬁcient approach. Although clinical algorithms
exist for stratifying patients into having low, intermediate, or
high risk of an ACS, these do not consistently identify patients
who can be safely discharged (4). CCTA is a minimally invasive
radiologic technique used to provide images of the heart and sur-
rounding vessels. In particular, because of its ability to visualize
coronary anatomy, coronary CTAhas been suggested as a strat-
egy to rule out signiﬁcant coronary artery disease (CAD) among
patients at low or intermediate risk of disease. Because ACS is
rare in the absence of coronary atherosclerotic plaque, several
researchers have suggested that the incorporation of coronary
CTA may improve the triage of patients with acute chest pain
and reduce health care costs (2). CCTAhas a negative predictive
value of 97% for signiﬁcant coronary artery stenosis. A negative
coronary CTA combined with negative ECG and negative car-
diac enzyme tests in low-risk patients with chest pain might en-
able a shorter length of stay and decrease overall charges
compared with the current SCC (5).
Adaptive Statistical Iterative Reconstruction (ASiR, GE
Healthcare) is an alternative to ﬁltered back projection (FBP)
for image reconstruction in CCTA. ASiR incorporates statisti-
cal modeling to reduce image noise, whichmay permit preserved
image quality with reduced tube current, thereby permitting
lower radiation dose. With the advent of 64 slice CT; CCTA
has become an important tool in the assessment of CAD.
Although CCTA is clinically efﬁcacious, its utility must be
Coronary CT angiography with iterative reconstruction in early triage of patients with acute chest pain 757weighed against the association with possible future radiation-
induced malignancies. Many published data suggest that a radi-
ation dose from CCTA can be signiﬁcant even when performed
at highly specialized centers (6,7).Multiple techniques have been
reported to reduce radiation dose and thereby ensure that coro-
nary CTA is performed in accordance with the as low as reason-
ably achievable (ALARA) principle. These techniques include
theuse ofECG-based tube currentmodulationwith helical scan-
ning (8,9), prospective ECG-triggered sequential scanning
(6,10,11), and high pitch spiral and reduced tube voltage
(6,12). Iterative reconstruction was introduced as an image
reconstruction algorithm for CT and provides an alternative
to traditional ﬁltered back projection (FBP). One implementa-
tion of iterative reconstruction is ASiR. Iterative reconstruction
is widely used in PET and was used in CT when it was originally
introduced. ASiR would permit a reduction in tube current,
resulting in incident radiation dose reduction for coronary
CTAwith preserved image noise and study interpretability (13).
2. Patients and methods
2.1. Study design
This pilot study was designed as an observational cohort
study. All patients received standard clinical care. We evalu-
ated the feasibility of low radiation CCTA detection of signif-
icant coronary artery stenosis as a triage decision criterion
compared with clinical outcome. Written informed consent
was obtained from each patient and approval form medical
ethics committee was obtained.
2.2. Patients
Between July 2011 and April 2013, we screened patients in the
ED of a tertiary care hospital in KSA awaiting admission to
the hospital because of suspected ACS. For ﬁnancial reasons,
study enrollment was limited only to patients with approval
from their insurance companies.
All qualifying patients had acute chest pain and a low TIMI
risk score of 0–2.
Patients were excluded if they had positive initial cardiac en-
zyme tests, new ischemic ECG changes, TIMI risk score greater
than 2, known cardiac disease, or inability to achieve a heart rate
below 60 beats per minute (bpm) with the use of b-blockers.
Clinical exclusioncriteria forCCTAincludedsevereallergy to
iodine containing contrast material, history of compromised re-
nal function(serumcreatininemore than1.5 mg/dL),pregnancy,
a nonsinus rhythm, severe respiratory or cardiac failure, women
under theageof45 years,menunder theageof30, orabodymass
index (BMI) greater than 40. Between July 2011 and April 2013,
we enrolled 54 sequential patients whomet these criteria.
All patients were subjected to the following:
- History taking and clinical examination
- 12-lead resting ECG
- serum level of troponin I.2.3. Tests
CCTA imaging was initiated after ED physician made the
decision to admit the patient to the hospital although thepatient’s initial ECG was interpreted as nondiagnostic and
the cardiac biomarkers were conﬁrmed to be within nor-
mal limits. At this time, the physicians caring for the pa-
tient provided an estimate of the probability of the patient
having ACS (0–100%) based on the data available at ini-
tial triage (patient history, risk factors, clinical
presentation).
At admission, as part of the SCC for chest pain, all patients
underwent initial 12-lead ECG, a cardiac troponin I test, and
chest radiography. In addition, each patient also had blood lab-
oratory work and received drugs tailored to the presenting
symptoms. In preparation for the CT scan, all patients with a
heart rate greater than 60 beats per minute received a b-blocker
(5–15 mg metoprolol, IV) unless their systolic blood pressure
was lower than 100 mmHg or other contraindications were
present. Selected patients underwent 64-slice CCTA with retro-
spective ECG gating and tube current modulation as well as
ASiR (CT OPTIMA 660, GE Healthcare). At ﬁrst calcium
scoring was done and if it exceeded 400 Agatston score, the
exam was canceled. Circulation time was determined with a
timed bolus of 20 ml of omnipaque 350 mg Iodine/ml (Iohexol
, GE health care Ireland , Cork, Ireland). Contrast enhance-
ment was achieved using a bolus of 80 ml of Iohexol followed
by 40 ml of normal saline injected at 5 ml/s using a 18 gauche
cannula at the right anticubital fossa. CCTA was acquired with
detector collimation of 64 · 0.625 mm at 0.625-mm increments
and with a gantry rotation time of 0.35 s. ASiR was used be-
tween 40% and 60% in all patients and never exceeds 60%.
A negative CCTA examination was deﬁned as <50% luminal
stenosis in any coronary artery segment as interpreted by expe-
rienced radiologist, SCCT veriﬁed as level 2 in CCTA (accred-
ited to perform and interpret cardiac CT according to ACCF/
AHA), on a dedicated workstation (AW 4.6, GE Healthcare).
CCTA was positive if at least one signiﬁcant coronary artery
stenosis (>50 stenosis) per patient was detected or could not
be excluded.
CCTA was negative when the presence of any signiﬁcant
stenosis in a patient could be excluded.
The duration of CCTA scanning, use of b-blockers, amount
of contrast material, radiation dose, body mass index, patient’s
heart rate and calcium score were recorded.
After CCTA examination, patients were transferred to ED
observation unit, and SCC testing was continued, which in-
cluded serial 12-lead ECG examinations and serial cardiac en-
zyme tests every 6 h for 12 h. After the negative results were
available from this serial testing, the patient stayed in the
observation unit until a stress echocardiography was per-
formed during outpatient duty hours.
To establish the presence or absence of ACS, a panel of two
physicians (one consultant cardiologist and one emergency
department physician) reviewed the data forms and all medical
records pertaining to the hospital admission of enrolled pa-
tients, including physician notes, discharge summary, cardiac
biomarkers, ECGs, and results of stress testing or coronary
angiography. The ER physician was blinded to the ﬁndings of
CCTA. Disagreement was solved by consensus (3).
Follow-up was done for the patients that were excluded (50
patients including the 48 excluded by CCTA, 1 patient
excluded by stress echo and 1 patient excluded by catheter
angiography) by telephone asking about any visit to ED or
hospitalization for ACS during the period of follow up.
Table 1 Patient demographics and risk factor proﬁle of 54
patients with acute chest pain.
Characteristic Data
Mean Age (years) 48 ± 6
Sex
Male 30 (55.6%)
Female 24 (44.4%)
Mean heart rate 62 ± 13 bpm
Mean body mass index 29.3 ± 5.4 kg/m2
Mean radiation dose 4.9 mSv ± 1.1 mSv
Mean calcium scoring 44.2 ± 8 Agatston score
Mean BMI 29.3 ± 5.4 kg/m2
Risk factors
Current smoker 5
Hyperlipidemia 9
Systemic hypertension 8
Diabetes mellitus 9
758 T.A. Hassan, M. Abdalaal2.4. Projected length of hospital stay
Test results and time course for this analysis were obtained
from each patient’s electronic hospital information system
‘‘HIS’’ (care ware hospital information system). Patient admit-
ting time, time of tests and results, and patient discharge times
were all entered into the HIS. Outcome measures included to-
tal length of stay.
These were ﬁrst analyzed for the SCC starting from the
time of admission and the actual course of events experiencedFig. 1 Graphic representaionby the patient, including an observation period with serial en-
zyme tests (two or three sets spaced 6 h apart as determined
by the ED physician), serial ECGs, and a stress test. For this
SCC analysis, the actual ED discharge time was the end
point; CCTA results were not included.
The second analysis (CCTAwith observation) for the same pa-
tient encounter included CCTA performed as soon as possible after
admissionandencompassed the time fromadmission througha sub-
sequent period of observation, serial cardiac enzyme tests, and serial
ECGs.This secondanalysis endedonehourafter thenegative results
from the ﬁnal of the serial cardiac enzyme tests were reported to the
ED physician and did not include a stress test.
The third analysis (coronary CTA without observation) for
the same patient encounter included initial admission enzyme
tests plus ECG and coronary CTA performed as soon as possi-
ble after admission. This third analysis involved only the period
of time from admission until 1 h after the negative coronary
CTA results were reported to the emergency department physi-
cian and did not include an observation period, serial enzyme
tests, serial ECGs, or a stress test. The three analyses were com-
pared between SCC and the two earlier discharge scenarios.3. Results
We studied 54 patients, 30 males (55.6%) and 24 females
(44.4%) with mean age, 48 ± 6 years. The mean heart rate
(62 ± 13 bpm) and the mean body mass index (29.3 ± 5.4 kg/
m2). The mean radiation dose was (4.9 mSv ± 1.1 mSv) with
ASiR. Mean calcium scoring was 44.2 ± 8 Agatston score. Pa-
tient risk factors are shown in [Table 1].of the study group patients.
Fig. 3 Thirty-ﬁve year-old male, chronic smoker with acute chest pain and with negative CCTA (A) Curved MPR of normal RCA (B)
Tree VR (volume rendering) showing normal coronaries. Calcium score was 0.
Fig. 4 Fifty-nine year-old male patient with LAD plaque causing about 53% stenosis. (A) Curved MPR of LAD shows hypodense
plaque (arrow) at the origin of the 1st diagonal (arrow head). (B) Axial source image shows the plaque which is partially calciﬁed (ﬁlled
arrow). Calcium score was 13. Catheter angiography reveals stenosis <50% (false positive).
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Fig. 2 Graphic representation of the calculated length of stay in different standards of care.
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CCTA when there was >50% luminal narrowing. In 48 pa-
tients, the presence of any signiﬁcant coronary artery steno-
sis was excluded by CCTA (88.9%) [Fig. 3]. In 6 patients,
the presence of signiﬁcant coronary artery stenosis was
either detected (in 4 patients) or could not be excluded (in2 patients). All the 4 of these positive patients [Figs. 4–7]
had at least one signiﬁcant coronary stenosis by CCTA (sen-
sitivity 100%, speciﬁcity 96%, accuracy 96.3%, positive pre-
dictive value (PPV) 66.7% and negative predictive value
(NPV) 100%). Signiﬁcant coronary stenosis was excluded
in 48 by MDCT [Table 2].
Fig. 5 42 Year old male, with LAD plaque causing about 57% stenosis. (A) Curved MPR of LAD shows hypodense plaque at the
proximal third LAD (arrow) as well as bridging of middle third LAD (arrow head). (B) Magniﬁed curved MPR at the stenotic area.
Calcium score was 0. Catheter angiography reveals stenosis >50%.
Fig. 6 Fify ﬁve year-old diabetic male , with LAD plaque causing about 73% stenosis. (A) Axial source image shows the plaque at the
proximal third LAD (arrow). (B) Curved MPR of LAD shows the large hypodense plaque (arrow) with multiple calciﬁed plaques at the
LAD. Also multiple step-stair artifacts are noted. (C) Tree VR shows the stenotic area (arrow). Calcium score was 209. Catheter
angiography reveals stenosis 75%.
760 T.A. Hassan, M. AbdalaalTwo patients had poor CCTA image quality because of
sudden tachycardia during the acquisition with marked step-
stair artifacts, in these two patients, stress echocardiography
was equivocal in one patient and negative in the other. Five pa-
tients (9.3%) underwent invasive coronary angiography (4 de-
tected by CCTA and 1 equivocal by stress echocardiography)that detected the presence of stenosis in 4 patients detected
by CCTA and ruled out stenosis in one patient with equivocal
stress test [Fig. 1].
Severity of stenosis detected by CCTA was 52–73% in the 4
cases, revealed true positive in three cases (75%) and false po-
sitive in one case by coronary catheter angiography [Table 3].
Fig. 7 Forty nine year-old female patient, with LAD plaque causing about 60% stenosis. (A) Axial source images show hypodense,
partially calciﬁed plaque at the proximal third LAD with multiple calciﬁed plaques at the LAD and 1st diagonal. (B) Curved MPR of
LAD shows the plaques and the stenosis (B) Oblique axial view at the stenotic area showing the hypodense plaque (arrow) and the
remaining lumen (arrow head). Calcium score was 100. Catheter angiography reveals stenosis >50%.
Table 2 Diagnostic accuracy and predictive values of CCTA-
based detection of signiﬁcant coronary artery stenosis.
Raw data Overall
Sensitivity 4/4 100%
Speciﬁcity 48/50 96%
Accuracy 52/54 96.3%
PPV 4/6 66.7%
NPV 48/48 100%
Coronary CT angiography with iterative reconstruction in early triage of patients with acute chest pain 761Projected length of hospital stay in patients without ACS
and with Negative CCTA (48 patients in whom, ACS was ru-
led out by CCTA) was as follows:-
- The average length of stay for SCC alone was 20.4 ± 6.3 h
- Average projected length of stay for an CCTA-based strat-
egy with observation was 12.3 ± 5.0 h
- Projected length of stay for CCTA-based strategy without
observation was 5.0 ± 1 h.
In the projected length of stay for CCTA -based strategy
without observation we saved 14.6 ± 5.3 h in each case thus
saving 71.6% of unnecessary hospital admission hours
[Fig. 2, Table 4].4. Discussion
Rule Out Myocardial Infarction/Ischemia Using Computer
Assisted Tomography (ROMICAT-I) (14) a blinded obser-
vational study involving patients in the ED with sus-
pected ACS, and other studies (15,16) has shown that
CCTA has a very high negative predictive value for rul-
ing out ACS during the index hospitalization and the
occurrence of major adverse cardiovascular events over
the next 2 years.
Hoffman et al. (1) introduced ROMICAT-II that con-
cluded that in patients in the ED with symptoms suggestive
of ACS, incorporating CCTA into a triage strategy improved
the efﬁciency of clinical decision making, as compared with a
standard clinical dare in the ED, but it resulted in an increase
in downstream testing and radiation exposure with no decrease
in the overall costs of care. Many authors concluded that neg-
ative CCTA may have potential role to decrease the length of
stay (1–5).
This study included 54 patients with eligibility and exclu-
sion criteria similar to RMICAT-I and II, all presented with
acute chest pain and with negative initial ECG and troponin I.
We studied 54 patients, 30 males (55.6%) and 24 females
(44.4%), in agreement with (3) that reported higher male inci-
dence, with mean age 48 ± 6 years. The mean heart rate was
Table 3 Grading of the stenosis by CCTA versus the gold standard (coronary catheter angiography) in the four positive cases
detected by CCTA.
Degree of stenosis in the 4 cases CT N:4 Cath lab N:4
Case 1 57% >50%
Case 2 60% >50%
Case 3 52% <50%
Case 4 73% >50%
True positive 3/4 (75% of the patients)
False positive 1/4 (25% of the patients)
Table 4 Mean length of Stay in hours using different standards of care.
Analysis of workup Length of stay (hours) % Of saved hours
Standard clinical care 20.4 ± 6.3
Coronary CTA with observation 12.3 ± 5.0
Coronary CTA without observation 5.0 ± 1
Saved hospital hours
CTA with observation 8.1 ± 1.3 39.7% reduction
CTA without observation 14.6 ± 5.3 71.6% reduction
762 T.A. Hassan, M. Abdalaal62 ± 13 bpm and the mean body mass index 29.3 ± 5.4 kg/
m2. The incidence of ACS among the 54 patients was 7.4%
in agreement with (1) whom reported similar incidence
(approximately 8%).
The sensitivity, speciﬁcity and accuracy of CCTA based
detection was (100%, 96%, 96.3%) in agreement with (5).
Severity of stenosis detected by MDCT was 52–73% in
the 4 cases, revealed to be true positive in three cases
(>50% lumen stenosis) and false positive in one patient
(<50% lumen stenosis) by coronary catheter angiography
(Three true positive cases by CCTA; 75%) in agreement
with (7) the study which reported that CCTA was true po-
sitive in 87% of their cases. In the current study, accurate
estimation of the sensitivity, speciﬁcity and accuracy of
CCTA versus catheter angiography can not be estimated
as it needs large series of patients to compare both.
The mean radiation dose was 4.9 mSv ± 1.1 mSv with the
application of ASiR as our goal is to offer the CCTA with low-
est radiation possible so we can overcome the disadvantage
mentioned in (1) that concluded that, CCTA resulted in an in-
crease in downstream testing and radiation exposure. The
mean radiation dose in ROMICAT-II trail (included 1000 pa-
tients, 501 underwent CCTA) was 11.3 ± 5.3 mSv and was
lower than that from SPECT (14.1 ± 4.8 mSv). We never used
more than 60% ASiR to overcome plastic quality images in
agreement with (13,17).
The average length of stay in patients without ACS and
with negative CCTA (48 patients in whom, ACS was ruled
out by CCTA) was calculated and the result for SCC alone
was 20.4 ± 6.3 h, while the average projected length of stay
for an CCTA-based strategy with observation 12.3 ± 5.0 h
and for projected length of stay for CCTA-based strategy
without observation 5.0 ± 1. In the projected length of stay
for CCTA-based strategy without observation we saved
about 14.6 ± 5.3 h in each case, saving about 71.6% ofunnecessary hospital admission; thus CCTA negative results
have potential role to decrease the length of stay than SCC
alone in agreement with (1–5).
A follow up of 50 patients was done for one month with no
repeated visit to ED or repeated hospitalization for ACS dur-
ing the period of follow up.
This study has limitations including low number of pa-
tients (as it was limited to patients who meet the eligibility
criteria with approval from their insurance company) with
narrow window of enrollment which may represent bias.
However the age, sex and risk factors were similar to other
studies (1–5) and similar to ROMICAT-I and II in term of
hospital stay, however the other important goal of this study
is to provide CCTA with lowest radiation dose for retrospec-
tive CCTA. We agree with (17) whom stated that the diag-
nostic value of iterative reconstruction for coronary CTA
needs further substantiation in the clinical setting. The radia-
tion-related question of ‘‘How low can we go?’’ is not easily
answered, but reports suggest that we have not yet hit the
bottom.5. Conclusion
CCTA based detection of signiﬁcant coronary stenosis has
potential role to decrease the length of hospital stay, with-
out reducing appropriate patient care, in low risk patients
with acute chest pain. CCTA should be done with lowest
radiation possible using recent techniques.Conﬂict of interest and authors’ agreement
We herby admit that there is conﬂict of interest and we agree
to contribute in this work.
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